This study aims to assess the effects of Achyranthes bidentata polysaccharides (ABPS) on the expression of bcl-2 and bax in hepatic tissues after exhaustive exercise in order to provide theoretical support for the application of ABPS in the field of sports nutrition. Thirty male Sprague-Dawley rats were randomized into three groups, each consisting of 10 rats:
Introduction
Achyranthes bidentata (Amaranthaceae, Chinese Phonetic Name-Niuxi) is an erect, annual herb distributed in hilly districts of China, Korea, Japan and India. The plant has been proven to have wide application in traditional and folk medicines in these, as well as, other eastern countries (Nikolov et al., 1996) . The whole plant, and particularly the roots, have been shown to contain various saponins, sterols, polysaccharides and alkaloids (Bishit and Apoptosis is a highly regulated form of cell death that is characterized by specific morphological, biochemical, and molecular events (Steller, 1995; Jia, 2007) . It is essential for the normal development of multicellular organisms and is involved in cell turnover in healthy adult tissues (Duke et al., 1996; Carraro and Franceschi, 1997; Siu et al., 2004) .
Apoptosis also plays a critical role in removing unwanted and potentially dangerous cells, such as tumor cells and cells infected by viruses (Williams, 1991; Vaux et al., 1994) . Disorders such as cancer, AIDS, Alzheimer's disease, and rheumatoid 308 arthritis are thought to be, at least partially, a result of aberrant regulation of apoptosis (Duke et al., 1996) .
Recently, apoptosis has gained the interest of many exercise scientists because, in addition to necrotic cell death, evidence indicates that apoptotic cell death also occurs with exercise. There is evidence for certain relationship between apoptotic and exercises. For example, glucocorticoids, growth-factor withdrawal, reactive oxygen species (ROS), a rise in intracellular Ca2+levels, and tumor necrosis factor (TNF) are some of the signals that can induce apoptosis (Phaneuf and Leeuwenburgh, 2001 ). Some of these factors originate from the extracellular milieu (glucocorticoids, TNF) and will interact with intracellular or extracellular proteins that may trigger cell death. Increases in glucocorticoid secretion, intracellular calcium concentrations, and reactive oxygen species production have been shown to occur during strenuous exercise and Hengartner, 2000). The mitochondrial bcl-2 pathway includes a family of competing, membrane-bound 1) antiapoptotic "gatekeepers," including bcl-2 and bcl-xl, and 2) proapoptotic "gatecrashers," including bax, bad, and bid (Hengartner, 2000) .
The ratio of proapoptotic to antiapoptotic proteins (e.g., bax/bcl-2) regulates myonuclei integrity and cell survival by controlling mitochondrial membrane permeability (Hengartner, 2000) . This work was designed to shed light on effects of Achyranthes bidentata polysaccharides (ABPS) on the expression of bcl-2 and bax in hepatic tissues after exhaustive exercise in order to provide theoretical support for the application of ABPS in the field of sports nutrition.
Materials and Methods

Plant materials
The roots of Achyranthes bidentata (voucher No. CST09-484)were bought from the market of traditional Chinese medicinal materials in Changsha, China and identified ccording to the identification standard of the eighth edition of Pharmacopeia of People's Republic of China (2005 PPRC)..
Preparation of crude polysaccharides
The roots of Achyranthes bidentata were moistened with water and refluxed with 80% ethanol for 1 hr twice to remove impurity. The volume of ethanol used every time was five times that of the plant material. The residue was dried and then extracted with boiling water. The filtrate was filtered and condensed under ordinary pressure. The concentrated solution was deproteined with 3 % trichloroacetic acid three times. The supematant was concentrated again, and its pH value was adjusted to 10 with 10% NaOH. Pre-cooled 95 % ethanol was added into the concentrated supematant till the final concentration of ethanol was 80 % and kept 4 to 5 hrs until the precipitate settled and the precipitate was dissolved in water, then the polysaccharides was precipitated again with ethanol at the concentration of 80 %. The precipitate was then dehydrated with 90 %, 95 %, 100% ethanol in that order. The crude polysaccharides was dried at 80 in vacuum (Tan and Deng, 2002; Hou and Wang, 2008) .
Determination of polysaccharide content
The contents of polysaccharides were measured by the phenolsulphuric acid method using glucose as standard (Cuesta et al., 2003) . The basic protocol was followed, with the modifications indicated below. The sugar solution (2 mL) and the phenol solution (2 mL) were added to each screw cap tube (18 × 180 mm), which was capped and vortex-stirred. Then 10 mL of concentrated sulfuric acid was added slowly down along the side of the tube. The tubes were then closed, vortex-stirred for 5 seconds and incubated for 2 min at 100 o C water bath. All tubes were allowed to cool down to room temperature before measuring the absorbance at 490 nm using distilled water as blank in the Multiskan Spectrum Microplate were finally determined to be 5.68 mg/g.
Animals and diet
Male Sprague-Dawley rats 7 to 9 weeks old were obtained from Hunan biological supplier (Changsha, China) and were bred in the animal facilities at Central South University. Rats were housed in a regulated temperature (23 ± 2 ) and humidity (55%) controlled room with a 12:12-h light-dark cycle. They were provided a standard pelleted diet (Zhengda Ltd, Changsha, China) and water ad libitum. The ingredient and nutrient composition of the control basal diet fed to rats is given in Table 1 . Note: Other ingredients include choline bitartrate (2 g/kg) and t-butyl hydroquinone (0.008 g/kg). Proximate analysis:
21% crude protein, 5% crude fat, 4% crude fiber, 8% ash.
Prior permission for animal use and approval of the protocol were obtained from the Institutional animal ethics committee. Thirty rats were divided into the following 3 groups, each consisting of 10 animals. 
Experimental protocol
Exhaustive exercise was performed on a rodent treadmill with the following protocols. In the adaptive period, rats were accustomed to treadmill running for 7 days. Then, the rats of exhaustive exercise group were subjected to graded treadmill running starting at 10% grade, 15m/min for 15 min followed by a gradual increase in the treadmill speed and time 
Tissue preparation
At the end of exhaustive exercise, the rats were anesthetized with ether (an anesthesia chamber was utilized as the induction method of delivering volatile anesthetic agent to the rats); ether was volatilized by placing it on cotton balls at the bottom of the jar. The rats after anesthetization were killed by decapitation. Rats of normal control group were also killed at the same time as the exhaustive exercise group. The hepatic tissues were extracted from rats, and the obtained tissues were 
Bax and bcl-2 protein expression
The SP (streptavidin peroxidase) method for immunohistochemical staining was adopted to test the protein expression of bax and bcl-2 in the hepatic tissues of the rats. The process was carried out as existing literature: the tissues were cut into slices of 4um, and dewaxing hydration was conducted. The first antibody used was the rabbit anti-mouse anti-bax and bcl-2 polyclonal antibody. The second antibody was labeled by dropping horseradish peroxidase. This was used 
Statistical analysis
Values were presented as mean and standard deviation for nomal distribution variables or median and quartile range for highly skewed variables. The significance of differences among the three groups was tested using the Kruskal-Wallis test for highly skewed data and analysis of variance (ANOVA) for normal distribution data. Mutiple comparisons were subjected to Bonfferoni correction test. The Chisquare test was used to evalute equality of frequencies for discrete variables. Correlations were tested using the Spearman rank correlation coefficients. p < 0.05 was considered statistical significant and all statistical analyses were conducted using SPSS version 11.5 for windows.
Results
Change in bax protein expression in hepatic tissues
In the hepatic tissues of rats, the protein expression of bax was investigated using the SP method. Compared exhausting exercises control group (EECG) and ABPS treated group (ATG) with normal control group (NCG), the protein expression of bax had significant statistic difference (p<0.05), and compared ABPS treated group (ATG) with exhausting exercises control group (EECG), the protein expression of bax had also significant statistic difference ( Table 2 , p<0.05). 
Change in bcl-2 protein expression in hepatic tissues
In the hepatic tissues of rats, the protein expression of bcl-2 was investigated using the SP method. Compared exhausting exercises control group (EECG) with normal control group (NCG), the protein expression of bcl-2 had significant statistic difference (p<0.05). Compared normal control group (NCG) and ABPS treated group (ATG) with exhausting exercises control group (EECG), the protein expression of bcl-2 had also significant statistic difference (Table 3 , p<0.05). 
Change in bax/bcl -2 ratio
Comparing exhausting exercises control group (EECG) and ABPS treated group (ATG) with normal control group (NCG), the bax/bcl -2 ratio had significant statistic difference (p<0.05). Comparing normal control group (NCG) and ABPS treated group (ATG) with exhausting exercises control group (EECG), the bax/bcl -2 ratio had also significant difference (Table 4 , p<0.05). 
Discussion
The results of the change in bax protein expression in hepatic tissues indicated that exhaustive exercises could lead to increase in bax protein expression in hepatic tissues of rats dramatically. However, after the rats were fed ABPS orally by gastric intubation the bax protein expression in hepatic tissues of rats decreased under the same circumstances.
The results of the change in bcl-2 protein expression in hepatic tissues indicated that exhaustive exercises could lead to decrease in bcl-2 protein expression in hepatic tissues of rats. But, after the rats were fed ABPS orally by gastric intubation, the bcl-2 protein expression in hepatic tissues of rats increased under the same circumstances. As the ratio of Apoptotic cell death induced by exercise in tissues exposed to specific stresses (calcium, glucocorticoids, radicals) may be a normal process used to remove partially damaged cells. Excessive and/or eccentric exercise may cause significant mechanical damage, followed by an inflammatory response, leading to necrosis and apoptosis. Apoptosis is a partially reversible process and therefore, therapeutic interventions could be tested to attenuate this process (Phaneuf and Leeuwenburgh, 2001 ).
In the present study, we found that exhausting exercises could make bax protein expression in hepatic tissues of rats and bax/bcl-2 ratio dramatically increases, and bcl-2 protein expression obviously decreases. The results indicated that bax and bcl-2 co-regulated the exercise-induced hepatocyte apoptosis. Bax promotes the apoptosis as up-regulated genes, while bcl-2 inhibits apoptosis as down-regulated genes, and this may be the gene regulation mechanism of exercise-induced hepatocyte apoptosis in rat liver. While after being fed ABPS orally by gastric intubation to rats, the bax protein expression and bax/bcl-2 ratio obviously decreased, bcl-2 protein expression obviously increased. The results indicated that feeding ABPS orally by gastric intubation to rats can inhibit the hepatocyte apoptosis in exhaustive exercise.
Conclusions
Bax and bcl-2 co-regulated the exercise-induced hepatocyte apoptosis. Bax promotes the apoptosis as up-regulated genes, while bcl-2 inhibits apoptosis as down-regulated genes. Feeding ABPS orally by gastric intubation to rats can inhibit the hepatocyte apoptosis in exhaustive exercise. The results provide theoretical support for the application of ABPS in the field of sports nutrition.
